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We systematically reviewed current climate change literature in order to examine how multiple 17 
processes that affect human vulnerability have been studied. Of the 125 reviewed articles, 79 % 18 
were published after 2009. There are numerous concepts that point out to stressors other than 19 
climate change that were used in reviewed studies. These different concepts were used 20 
interchangeably and they illustrate processes that act on different scales. Most widely used concepts 21 
included non-climatic (40% of the articles), multiple stressors (38%) and other factors (37%). About 22 
75% of the studies either acknowledged or carefully analyzed the social and environmental context 23 
in which vulnerability is experienced. One third of the studies recognized climate change related 24 
stressors as the most important, one third argued that stressors other than climate are more 25 
important and the rest of the studies did not analyze the relative importance of the different 26 
processes. Interactions between different stressors were mentioned in 76% and analyzed explicitly 27 
in 28% of the articles. Our review shows that there are studies that analyze the social context of 28 
vulnerability within climate change related literature and this literature is rapidly expanding. 29 
Reviewed studies point out that there are multiple interacting stressors, whose interlinkages need to 30 
be carefully analyzed and targeted by policies, which integrate adaptation to climate change and 31 
other stressors. In conclusion, we suggest that future studies should include analytical frameworks 32 
that reflect dissimilarities between different types of stressors, methodological triangulation to 33 
identify key stressors and analysis of interactions between multiple stressors across different scales.  34 
  35 
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1 Introduction 40 
 41 
Within the literature on climate change and human vulnerability (i.e. vulnerability of individuals, 42 
communities, societies and human systems), climate change has been conventionally seen as the 43 
main driver of vulnerability. This is evident for instance in the definition suggested by the 44 
Intergovernmental Panel on Climate Change. The widely used IPCC definition of the Fourth 45 
Assessment Report states that ”[V]ulnerability is the degree to which a system is susceptible to, and 46 
unable to cope with, adverse effects of climate change, including climate variability and extremes. 47 
Vulnerability is a function of the character, magnitude, and rate of climate change and variation to 48 
which a system is exposed, its sensitivity, and its adaptive capacity.” (IPCC 2007). 49 
 50 
This definition has become the most widely used in the climate change vulnerability literature 51 
(Bassett and Fogelman 2013; Füssel and Klein 2006) thus having a major influence on research. 52 
Furthermore, it has been argued that this particular interpretation of vulnerability affects the 53 
practical policies considering adaptation to climate change and the reduction of vulnerability 54 
(O'Brien et al. 2007). 55 
 56 
In addition to the IPCC, there are wide array of different definitions of vulnerability and different 57 
frameworks through which the concept has been operationalized in research (Adger 2006; Berry et 58 
al. 2006; Birkmann 2006; Eakin and Luers 2006; Füssel 2007; Füssel and Klein 2006; Giupponi 59 
and Biscaro 2015; Hinkel 2011; McLaughlin and Dietz 2008; Ribot 2014; Turner et al. 2003). 60 
Furthermore, although IPCC definitions did not change considerably between the First and the 61 
Fourth assessment report (Bassett and Fogelman 2013), a major change can be seen from the Fourth 62 
to the most recent Fifth report. In the 5th assessment report (AR5) of the IPCC working group 2 63 




In the IPCC (2014) climate risk framework, risk is the result of interaction of hazard, exposure and 66 
vulnerability. Hazard refers to a physical event, trend or their impacts that have an effect on human 67 
or natural systems; exposure means the presence of people or other unit of interest in settings, 68 
where there can be adverse effects; while vulnerability is defined as follows: ”The propensity or 69 
predisposition to be adversely affected. Vulnerability encompasses a variety of concepts and 70 
elements including sensitivity or susceptibility to harm and lack of capacity to cope and adapt.” 71 
(IPCC 2014).  72 
 73 
This latest IPCC definition is hence more general as recommended before by various authors 74 
(Hinkel 2011; Wolf et al. 2013). Climate change or other biophysical concepts are no longer 75 
mentioned in the definition, although they are still embedded in the new hazard concept as part of 76 
climate risk. In this climate risk framework, exposure and vulnerability can also increase risks 77 
alongside the physical hazards (Mechler et al. 2014). This new conceptual vagueness does not, 78 
however, necessarily mean that social factors, which are important issues in shaping the 79 
vulnerability context (O'Brien et al. 2007; Ribot 2014), have a more central role in the IPCC climate 80 
risk framework and on research and policies that utilize the framework. 81 
 82 
These definitions and frameworks have been elaborated within different orientations, which have 83 
divergent views on what causes vulnerability (Adger 2006; Birkmann 2006; Eakin and Luers 2006; 84 
Füssel and Klein 2006; Giupponi and Biscaro 2015; McLaughlin and Dietz 2008; Ribot 2014). 85 
Some political-ecological –oriented researchers have, for example, criticized that the earlier hazard 86 
literature did not carefully consider the social aspects of vulnerability (Bassett and Fogelman 2013; 87 
Ribot 2014); and the same critique has been directed to the IPCC vulnerability and adaptation 88 
framework (Bassett and Fogelman 2013). 89 
 90 
Within climate change literature, this duality of approaches has been called end-point and starting-91 
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point (Kelly and Adger 2000), top-down and bottom-up (Dessai and Hulme 2004) or outcome and 92 
contextual (O'Brien et al. 2007). The end-point approach evident in the IPCC Fourth Assessment 93 
Report (IPCC 2007) considers vulnerability as an outcome of climate change, whereas the second 94 
approach regards vulnerability as part of multidimensional, context-specific climate-society 95 
interactions. It has been argued that the wider socio-cultural, political-economic and environmental 96 
contexts of vulnerability are important both analytically (O'Brien et al. 2007) and also in practical 97 
adaptation policy (Eriksen et al. 2011).  98 
 99 
Approaching vulnerability as contextual directs attention to the cascading effects of different 100 
political-economic, and socio-ecological processes that make people differentially vulnerable to 101 
changes in their environment. It consequently has been argued that climate change is but one of 102 
‘multiple stressors’ (Adger 2006; O'Brien et al. 2004; Turner et al. 2003) that cause vulnerability. In 103 
addition to ‘multiple stressors’, other concepts have emerged, including ‘non-climatic factors’ 104 
(Füssel and Klein 2006), ‘double exposure’ (O'Brien and Leichenko 2000), ‘multiple exposures’ 105 
(Belliveau et al. 2006; Bennett et al. 2015a) and ‘other stressors’ (Tschakert 2007). 106 
 107 
Some researchers have argued that especially within hazards research ‘multiple stressors’ have been 108 
studied for decades (Kelman et al. 2015); whereas others argue that ‘multiple stressors’ is a 109 
relatively new issue (Bennett et al. 2015a). Although ‘multiple stressors’ were mentioned already in 110 
the first IPCC reports, in fact, the focus has often concentrated on single stressors using ceteris 111 
paribus assumption (Hashimoto et al. 1990).  112 
 113 
This discussion illustrates that the idea of ‘multiple stressors’ and ‘non-climatic factors’ has been 114 
incorporated as part of the climate change and vulnerability discussion. Some authors have even 115 
tried to identify all different driving factors of vulnerability.  Zou and Wei (2010) classified in their 116 
review 361 different driving factors of social vulnerability in coastal Southeast Asia. In another 117 
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review, Bennett et al. (2015a) gave examples of different stressors/exposures that are evident in 118 
coastal areas constructing a conceptual framework on how ‘multiple exposures’ can be analyzed.  119 
 120 
There are many analyses of different orientations and definitions of vulnerability research (Adger 121 
2006; Birkmann 2006; Eakin and Luers 2006; Füssel and Klein 2006; McLaughlin and Dietz 2008; 122 
Ribot 2014), approaches with typologies of ‘multiple stressors’ (Bennett et al. 2015a; Zou and Wei 123 
2010) and some recent systematic reviews or bibliometric analyses of vulnerability (Delaney et al. 124 
2014; Giupponi and Biscaro 2015; McDowell et al. 2016; Tucker et al. 2014; Wang et al. 2014). 125 
However, none have looked systematically at how ‘multiple stressors’ have been conceptualized in 126 
the climate change and human vulnerability literature. 127 
 128 
We synthesize the current knowledge on ‘multiple stressors’ and show that the current literature 129 
about ‘multiple stressors’ is relatively new field. Furthermore, we contribute to the conceptual and 130 
analytical clarity of this of study and hence help in bridging various approaches researching 131 
vulnerability. Our review has important policy implications because the ‘multiple stressors’ 132 
literature highlights the various processes which, in addition to climate change, increase 133 
vulnerability and which should be accounted for in climate change adaptation policies. 134 
 135 
2 Methods 136 
 137 
Systematic reviews are especially useful in synthesizing current knowledge and they are transparent 138 
in their methods (Berrang-Ford et al. 2015; Lorenz et al. 2014). We systematically reviewed 139 
selected climate change literature following the methodology suggested by Berrang-Ford et al. 140 
(2015). They propose three components for the systematic review of climate change adaptation 141 
research: (1) explicit objectives of the review and clear description of the conceptual approach used, 142 
(2) justification of the literature source, detailed description of the search process, description of the 143 
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inclusion/exclusion criteria and documentation of the literature as well as (3) description of the 144 
methods and critical appraisal of information quality. 145 
 146 
Our overall objective was to systematically analyze different concepts that denote stressors other 147 
than climate and that are used in the literature about climate change and human vulnerability. More 148 
specifically, we examined (1) how widely investigated and how novel the literature about ‘multiple 149 
stressors’, ‘non-climatic factors’ and other similar concepts is within the literature about human 150 
dimensions of climate change, (2) how these concepts have been used and what differences there 151 
are between concepts and (3) what is the relative importance of different stressors. 152 
  153 
Articles that were selected for review were first screened using SCOPUS and Web of Knowledge 154 
searches. These search engines were selected because they have the two most encompassing 155 
databases of social and environmental sciences articles (Landauer et al. 2015). We selected only 156 
peer-reviewed journal articles. First, the peer-review process of the articles is a measure of quality. 157 
Second, we wanted to focus on the state-of-the-art scientific literature on this topic. Third, many of 158 
the other sources, such as book chapters, were difficult to obtain. It is also worth pointing out that 159 
our selection of the search engines already excluded some gray literature. We acknowledge that this 160 
decision might have excluded some relevant documentation but we consider the sample analyzed 161 
here to be large enough to gain a systematic overview of the existing literature.  162 
 163 
As the first step, we searched for articles that mention ‘non-climatic factors’. We then performed 164 
new searches in which we added new terms because we found early on in the search process that 165 
many different notions have been used in literature. Finally, we used the following search sequence:  166 
 167 
("other pressure*" OR "other risk*" OR "other driver*" OR "other stress*" OR "other 168 
factor*" OR "multiple pressure*" OR "multiple risk*" OR "multiple driver*" OR "multiple 169 
stress*" OR "multiple factor*" OR "multiple exposure*" OR "double exposure*" OR non-170 
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climat*) AND (vulnerab* OR adapt*) AND (climat* OR "environmental change*" OR "global 171 
change*") 172 
 173 
These terms were searched from the title, abstract and keywords of the articles. Full text searches 174 
were left out since we wanted to find the articles in which climate change and non-climatic factors 175 
were pointed as the central focus of the research in the title, abstract and/or keywords.  The result 176 
included 888 hits from SCOPUS and 836 hits from Web of Knowledge on June 4th 2015. When 177 
duplicates were removed, there were 1081 studies left. From this total, the titles, abstracts and, if 178 
needed, full texts of all articles were skimmed based on the following criteria.  179 
 180 
We analyzed the quality and relevance of different articles and we selected articles that had a focus 181 
on (1) ‘non-climatic factors’ or ‘multiple stressors’ and (2) issues of human vulnerability or 182 
adaptation. We did not select studies with a focus on ecology (majority of the excluded articles) or 183 
environmental vulnerability without clear links to human vulnerability. We further deselected 184 
articles in which the focus was infrastructure, medicine-related, law, economics, highly specific 185 
commodity studies, energy policy, archaeology, education, migration or conflict and national 186 
security. In addition, we excluded studies in which the main focus was on climate change mitigation 187 
efforts or which did not include a clear case study or a review of specific case studies. This 188 
selection process left us a total of 125 peer-reviewed, English-written journal articles 189 
(Supplementary Material). 190 
 191 
After the article selection process, we analyzed the content of articles using eight guiding questions 192 
that were modified from the relevant vulnerability literature. First, we evaluated when and where 193 
the studies have been conducted. Second, we asked what or who is vulnerable (Malone and Engle 194 
2011). Third, we asked about the source of vulnerability (“vulnerability to what” (Malone and Engle 195 
2011)), by examining what kinds of stressors are mentioned in the studies. More specifically, we 196 
used the divisions to local/global (internal/external) and cross-scale vulnerability factors and to 197 
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social, biophysical and integrated vulnerability factors (Füssel 2007). Moreover, with the help of the 198 
IPCC climate-related risk framework (IPCC 2014), we analyzed if the stressors have an effect on 199 
hazard, exposure or vulnerability. Fourth, we further evaluated, how different concepts such as 200 
stressor and factor are used and if there are differences between and within different concepts. Fifth, 201 
based on the distinctions used by O'Brien et al. (2007), we divided the orientation of the studies into 202 
outcome-orientation and contextual-orientation. Sixth, by analyzing the vulnerability context, we 203 
evaluated if the importance of different stressors is assessed as suggested by Bennett et al. (2015a), 204 
and how the importance has been assessed. Seventh, we examined if the interactions between 205 
different stressors and across different scales are examined as suggested by Turner et al. (2003). 206 
Eighth, in order to further analyze the novelty of ‘multiple stressors’ approaches, we examined what 207 
traditions and articles are cited in the reviewed literature. 208 
 209 
3 Results and discussion 210 
 211 
3.1 When and where the studies were conducted 212 
 213 
The review shows that there is a significant increase in studies that encompass ‘multiple stressors’ 214 
or non-climatic factors during the last ten years. The number of publications increased after 2006 215 
with a peak of publications being 23 (18 %) in 2014. Of the analyzed articles, 79% were published 216 
after 2009 (Fig. 1). It has been found also in other reviews that there has been a recent increase in 217 
articles looking at vulnerability (McDowell et al. 2016; Wang et al. 2014). In our sample, the 218 
number of articles per year has been increasing with one notable exception; in 2011, the amount of 219 
articles published was less than half of the amount of articles published in 2010.  220 
 221 
This overall trend reflects the foci of the IPCC assessment reports. For the WG2 AR5 report, studies 222 
that were published after October 2006 and accepted for publication (minimum requirement) before 223 
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August 2013 were considered. Our sample indicates that there were few studies published before 224 
October 2006; therefore, there was relatively limited literature considering ‘multiple stressors’ to be 225 
considered for the IPCC reports prior to AR5. This result resonates with the latest IPCC report 226 
where it was pointed out that the AR5 has overcome limitations evident in AR4 in relation to the 227 
research analyzing the human dimensions of climate change (Burkett 2014). Our sample also 228 
demonstrates that most of the studies that focus on the various processes that cause vulnerability 229 
have been published after some founding papers, where ‘multiple stressors’ and other similar 230 
concepts were analyzed explicitly for the first time (O'Brien and Leichenko 2000; O'Brien et al. 231 
2004; Tschakert 2007). This result demonstrates that the analysis of other stressors is a relatively 232 
new issue within this field of literature. 233 
 234 
In geographical terms, the main focus of the ‘multiple stressors’ studies is in Africa. In 36% of the 235 
reviewed articles, the study area or part of the study area was situated in Africa while the rest of the 236 
study areas were located in Asia (22%), North America (18%), Latin America (14%), Europe 237 
(14%), and Oceania (14%). These numbers do not sum up to 100% since study areas from multiple 238 
continents were included in some of the studies. 239 
 240 
3.2 The object of vulnerability 241 
 242 
The scope of the study varied in the articles. Majority of the studies evaluated small-scale farming 243 
communities in developing countries. Livelihood vulnerability (79%) was the central focus in most 244 
of the articles whilst the remainder of the studies analyzed the vulnerability of, for instance, 245 
industrial agricultures or wider societal processes. Some of the studies did not particularly analyze 246 
vulnerability. For instance, Hageback et al. (2005) examined farmers’ land use decisions, and 247 
Coulibaly et al. (2015) the reasons behind crop failure. Whilst not explicitly examining a vulnerable 248 




3.3 Types of stressors 251 
 252 
Overall, there were hundreds of different stressors mentioned. In our sample, the number of 253 
stressors varied between two and 30 within one article. However, it is difficult to explicitly assess 254 
the total number of stressors since they were sometimes lumped together or split into smaller 255 
entities (for different lists and typologies of stressors, see e.g. (Bennett et al. 2015a; Zou and Wei 256 
2010)). Additionally, stressors covered multiple societal scales ranging from lack of local income 257 
opportunities or access to local granaries to globalization and global climate change.  258 
 259 
Approximately 25% of the stressors were biophysical while 75% were social. Biophysical stressors 260 
identified within the articles were mainly related to natural resource degradation, pollution and pests 261 
in addition to climate change and climate-related events such as floods or droughts. Social stressors 262 
were mainly related to issues such as poverty, unemployment, health, agricultural markets, 263 
governance and globalization. The higher number of social stressors can be due to the fact that 264 
social phenomena are more heterogeneous and context-specific. 265 
  266 
The distinction between local and global yet alone to internal and external factors is complicated. 267 
What is ‘internal’ depends on how the boundaries of the object of study are drawn. If the object of 268 
study is a village, internal stressors are different compared to a study in which the object of study is 269 
a country (see Gallopín (2006)). In most of the reviewed studies, the object of study was 270 
comparably small, often a community or a set of communities. Nevertheless, in the majority of the 271 
studies, most of the stressors were not local, such as global climate change phenomena or global 272 
trade tariffs or national subsidies, with little possibilities to alleviate these stressors just within the 273 




Cross-scale interactions also hampered the classification of stressors into local and global ones. 276 
There were some social stressors or those related to local power relations that were more clearly 277 
local. However, most of  the stressors such as poverty or environmental degradation can be 278 
considered as multi-scale stressors that affect human populations across scales (see also Füssel 279 
(2007)). It has been suggested that multi-scale governance could remove some barriers between 280 
separate scales but challenges of coordinating actions between different scales remain (Næss et al. 281 
2005). 282 
 283 
Most of the stressors were considered to have an effect on either hazard or vulnerability. In other 284 
words, stressors were hardly ever related to exposure, as considered by IPCC (2014). One reason 285 
behind this issue is that exposure, if understood as being merely a spatial concept, is not always 286 
relevant. While exposure to floods tends to be reliant on the location, exposure to other hazards or 287 
shocks, such as drought or economic recession, is more independent of the location.  288 
 289 
3.4 The use of different concepts 290 
 291 
As can be seen from the search terminology, different concepts have been used in the analyses of 292 
the effects of non-climatic factors on human vulnerability. Quite expectedly, the concept of 293 
vulnerability was used in almost all of the studies (Table 1). Also concepts of risk and factor were 294 
widely used. However, key IPCC concept hazard and concepts such as stress and stressor were not 295 
used in approximately 30% of the articles. When different concepts were combined with the search 296 
words multiple and other, different results were obtained (Table 2). It can be seen that ‘double 297 
exposure’, ‘multiple stressors’, ‘other stressors’ and ‘other factors’ together with non-climat* were 298 
most widely used; however, these combined concepts were used in less than half of the articles. 299 
This shows that none of the concepts is well established to be used widely; furthermore, many of 300 




The term risk is widely used and in many different contexts in different studies. The IPCC climate 303 
risk framework (IPCC 2014) is, however, not used explicitly. One reason behind this is that the 304 
framework is new and not yet widely established. Another important reason is that risks have 305 
dissimilar components in different studies and many different risks are raised ranging from climate 306 
and flood risks to risks related to HIV/AIDS. The term hazard is usually used in the meaning of 307 
natural hazards and pointing to single events. Some authors, nevertheless, acknowledge that hazards 308 
can be slow changes (McNeeley and Shulski 2011) or equate hazards with political-economic 309 
shocks (Shackleton and Shackleton 2012). Similar to risk, the term vulnerability is widely used and 310 
often with different meanings without a clear framework.  311 
 312 
The general components of vulnerability (i.e. exposure, sensitivity and adaptive capacity) are rarely 313 
analyzed explicitly. An exception is the study by Hjerpe and Glaas (2012) who examine factors that 314 
affect exposure, sensitivity and adaptive capacity in terms of flooding vulnerability in southwestern 315 
Sweden. The term exposure is not usually used in the same spatial meaning as in the IPCC in the 316 
reviewed studies but in a meaning of a manifestation of a hazard. This is actually in line with the 317 
older IPCC framework in which exposure is defined as “the nature and degree to which a system is 318 
exposed to” shocks and hazards (McCarthy et al. 2001). 319 
 320 
The term ‘double exposure’ refers to two hazards or shocks that together cause risks and 321 
vulnerability. In the reviewed literature, ‘double exposure’ was used almost exclusively in this 322 
manner, although the concept has been extended to diverse social and environmental changes 323 
(McKune and Silva 2013) or broadened to ‘gendered double exposure’ (Nyantakyi-Frimpong and 324 
Bezner-Kerr 2015). In addition, the original authors of the ‘double exposure’ concept have later 325 
broadened the concept by looking at three pathways of ‘double exposure’, which are outcome 326 
(combined impact of processes), context (one process changes the context of the other process and 327 
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decreases capacity to respond) and feedback (interactions between process impacts and drivers) 328 
(Leichenko and O'Brien 2008; Leichenko et al. 2010; O'Brien et al. 2009). The concept of ‘multiple 329 
exposures’ is another extension of the ‘double exposure’ concept but one that is used slightly 330 
differently. For instance, Belliveau et al. (2006) use the term risk as a potential harm, while 331 
exposure is a manifestation of this harm (i.e., someone is exposed to a risk). Belliveau et al. (2006) 332 
also bring exposure and sensitivity together so that the unit under exposure and its characteristics 333 
are evaluated simultaneously. The same kind of terminology is used by Westerhoff and Smit (2009) 334 
who employ the term ‘multiple exposure-sensitivities’. Other authors such as Bunce et al. (2010) 335 
and Bennett et al. (2015b), primarily use the concept of ‘multiple stressors’ but refer to ‘multiple 336 
exposures’ when the different stressors are manifested. This usage is in accordance with the older 337 
IPCC exposure-sensitivity-adaptive capacity vulnerability framework. 338 
 339 
The concept ‘multiple stressors’ was first used to denote the two phenomena of climate change and 340 
globalization that cause ‘double exposure’ (O'Brien et al. 2004) but the usage of this term has been 341 
considerably widened. Stressor is fairly often used synonymously with IPCC’s hazard concept but 342 
its significance is much broader. For instance, Tschakert (2007) uses terms worry, stress, stressor, 343 
hazard and threat interchangeably to denote threats that affect people. Therefore, some of the 344 
stressors such as poor health or lack of money used by Tschakert (2007) and also by other authors 345 
can be considered merely issues that increase individuals’, households’ or communities’ social 346 
vulnerability to hazards rather than hazards per se. Similar issues have been elaborated in social 347 
vulnerability literature (Cutter et al. 2003).  348 
 349 
‘Factor’, ‘driver’ and ‘pressure’ further complicate the mixed usage of different concepts. Factor is 350 
used in a wide array of meanings: denoting to a statistical connotation, to factors of change, risk 351 
factors or more widely to non-climatic factors. Driver is often used to mean the processes that cause 352 
changes (drivers of change) and in some cases as a synonym for pressures or stressors (Connolly-353 
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Boutin and Smit 2015). Pressure is used in the same way as stressor or in the very wide everyday 354 
meaning. For instance, Chandra and Gaganis (2015) use the term ‘non-climatic pressures’ when 355 
referring to issues such as tourism, social change and deforestation, while Suckall et al. (2014) use 356 
drivers and pressures in the drivers-pressures-states-impacts-response (DPSIR) framework. In this 357 
widely used framework, climate change, economic growth and other drivers exert pressures (e.g. 358 
over extraction of resources), which cause changes in state (e.g. in livelihoods). These changes are 359 
considered impacts, which may be alleviated with adaptive and coping responses. DPSIR and other 360 
frameworks (Bennett et al. 2015a; Hopkins 2015) are used for organizing complex information and 361 
simplify the usage of different concepts, which can otherwise be confusing. 362 
 363 
The usage of the term non-climatic illustrates how one concept can be used in various meanings and 364 
in different combinations. The term is originally used as denoting other factors than climate that 365 
contribute to vulnerability (Füssel and Klein 2006). In the reviewed articles, non-climatic has been 366 
used in combination with factor, pressure, risk, determinant of vulnerability, stress, stressor, impact, 367 
stimuli, condition, change, force, issue, exposure-sensitivity, variable and driver. All these 368 
combinations show that non-climatic can attain many meanings often denoting to hazards or other 369 
issues that have an effect on risks or vulnerability. Hence, the term non-climatic is used as a 370 
counterpoint to climatic but in different studies the term is used differently.  371 
 372 
Furthermore, the relative importance of non-climatic versus climatic varies in different studies and 373 
in different cases. For example, Lereboullet et al. (2014) model the impacts of future climate to 374 
viticulture in southern France and use interviews in order to analyze the relative role of non-climatic 375 
factors, while McDowell and Hess (2012) analyze the effect of ‘multiple stressors’ on indigenous 376 
smallholders on Bolivian highlands using the term ‘non-climatic stressors’ to highlight that not all 377 
the stressors are climatic. Whereas the weight is clearly given to climate in the first example, 378 
different stressors are considered equally important in the second study. In general, the reviewed 379 
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studies show that non-climatic and ‘multiple stressors’ do not have different emphasis; rather they 380 
illustrate that both concepts are used in versatile ways. 381 
 382 
Overall, our analysis shows that different concepts have been used in a wide range of meanings. 383 
One key message is that the different factors cannot be organized to the IPCC framework of 384 
hazards, exposure and vulnerability since there is no conceptual clarity of the key concepts among 385 
the researchers within this multi-disciplinary field of human dimensions of climate change. Ideally, 386 
concepts should be general enough in order to allow their usage in the same meaning across 387 
different cases and in different studies. Nevertheless, as Hinkel (2011) suggests, a general definition 388 
of vulnerability should be agreed upon but the concept should thereafter be further operationalized 389 
based on the conceptual framework used and the context of the case analyzed. In our sample, only a 390 
few studies were explicit in how the different concepts were operationalized and on which kind of 391 
conceptual framework the studies were based. This mixed usage of concepts and lack of explicit 392 
description of frameworks has been found also in a vulnerability review by Delaney et al. (2014). 393 
 394 
This lack of conceptual clarity within the field hinders a better understanding of the dynamics of 395 
climate change and human vulnerability. Given the overlapping use of concepts, it is hard to 396 
consider to what extent the different non-climatic factors interact or influence each other. There is 397 
no abundance of conceptual frameworks or models, par a few examples (e.g. DPSIR), which 398 
address this issue and attempt to present a simple model of interactions. Whilst developing even a 399 
simplistic framework or model always leads to compromise, it can nevertheless help to clarify some 400 
connections within complex system. At the same time we acknowledge that differences between the 401 
reviewed studies partly relate to divergences in interpretations that are rooted in different discourses 402 
and some of the differences may not be integrated into one common framework (O'Brien et al. 403 
2007). More conceptual clarity would nevertheless enable some integration of approaches that are 404 
discursively close to each other and also help in bridging the approaches that may fundamentally 405 
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differ but still complement each other. 406 
 407 
3.5 Analysis of the vulnerability context 408 
 409 
We divided the orientation of the studies to outcome-oriented, contextual-oriented and mixed focus 410 
using the division by O'Brien et al. (2007). In their distinction, outcome vulnerability is a linear 411 
result of projected impacts on the exposed unit, whereas contextual vulnerability builds on a 412 
processual and multidimensional approach in which several social, economic, political and 413 
institutional structures and conditions also affect vulnerability. They also acknowledge that some 414 
approaches lie between the two interpretations of vulnerability and specifically exemplify that 415 
‘multiple stressors’ is an intermediate approach: vulnerability can be an outcome of ‘multiple 416 
stressors’, or ‘multiple stressors’ can impact the context in which vulnerability is experienced. 417 
 418 
We classified 76 articles (or 61%) as contextual oriented, 32 articles (26%) as outcome focused and 419 
17 articles (14%) as mixed. Our analysis thus shows that among climate change literature there is 420 
considerable number of studies that analyze the vulnerability context. Furthermore, the number of 421 
these studies is rapidly increasing (Fig. 1). Our classification is in line with the analysis of 422 
McDowell et al. (2016) but differs from the analysis of Bassett and Fogelman (2013), who stated 423 
that 70% of the 558 studies they considered were outcome focused (where the main source of 424 
vulnerability was climate impacts), 3% of the studies focused on social roots of the vulnerability 425 
and 27 % considered both.  426 
 427 
This disparity results from many reasons. First and foremost, the sample of the studies between the 428 
reviews differs. Our review was systematic and we selected articles using systematic searches as 429 
recommended by Lorenz et al. (2014), while Bassett and Fogelman (2013) chose four journals and 430 
used only one search word: adaptation. The article search process was different and our search 431 
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words could have favored contextual vulnerability or mixed-focus studies. Second, we selected only 432 
studies with clear focus on human vulnerability, whereas Bassett and Fogelman (2013) did not carry 433 
out the further pruning of the studies. Third, we classified all the studies where there is a clear 434 
analysis of the vulnerability context as contextual. In our view, most of these studies would have 435 
been classified as mixed in the analysis by Bassett and Fogelman (2013). Fourth, many of the 436 
studies in our analysis were published after 2012 the time when the Bassett and Fogelman (2013) 437 
article was submitted for the review. 438 
 439 
3.6  Importance of stressors 440 
 441 
Quite often, the reviewed articles claimed that climate was not the most important factor or not the 442 
most pressing stressor affecting vulnerability (Table 3).  In 44 (35%) of the 125 studies analyzed, 443 
there was no indication of which the most important stressors are. The rest of the studies were 444 
divided into two parts: half ranked climate-related stressors such as drought as the most important, 445 
and the other half stressors other than climate as the most important. Stressors other than climate 446 
included social issues such as lack of income or capital, health, governance, neoliberalism or 447 
globalization and demographics.  448 
 449 
As this list suggests, stressors can be found at different scales. While some of the stressors, such as 450 
lack of income or poor health, have an effect on everyday lives, other stressors, such as climate 451 
change and globalization, are global-scale forces that might exert an effect on more proximate 452 
stressors. This indicates interconnectedness of stressors across different scales. Many of the 453 
stressors are also fairly heterogeneous and their impacts can vary depending on the context. For 454 
instance, while in a remote community in the Norwegian Arctic primary stressor for community 455 
adaptation is population decline (Amundsen 2012), in many other contexts one of the major stresses 456 
concerning the adaptation to climate change is caused by population growth (Fazey et al. 2011; 457 
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Laube et al. 2012; Pricope et al. 2013). 458 
 459 
In the reviewed literature, the relative importance of different stressors was analyzed by methods of 460 
interviews, participatory approaches and surveys, by judgments made by researchers, by focusing 461 
on some stressor(s) and by modeling or by combining different approaches. All these different 462 
methodological approaches yield varying results (Table 3). When importance was examined based 463 
on data gathered by interviews, surveys or participatory methods, 41% of studies ranked climate as 464 
the most important stressor but more articles ranked climate as the most important when importance 465 
was evaluated by researchers’ judgment (57%) or selection of focus (83%). 466 
 467 
In addition, there were differences in how the evaluations were made or how the interviews were 468 
carried out. These interlinked with the conceptual issues of how the object of vulnerability was 469 
defined, what the important stressors were considered to be, at what scales they were analyzed and 470 
how the interviews and their analyses were framed. Different sorts of stressors were often included 471 
in the same analysis. In many of the reviewed studies which were based on interviews most 472 
important stressors were considered to be everyday distress or everyday worries. In future, we 473 
suggest using triangulation and cross-checking in data interpretation to sort out the importance of 474 
stressors at different scales and to examine how stressors might be interlinked. Better explanation of 475 
the conceptual framework used would also be important. 476 
 477 
Our review indicates that there are complex interconnections between climatic and non-climatic 478 
factors concerning the human vulnerability and climate change. First, climatic factors cannot be 479 
analyzed in isolation because other stressors shape the context, in which climate change is 480 
experienced (Eriksen et al. 2011; O'Brien et al. 2007). Furthermore, especially in many parts of the 481 
global South, adaptation and mitigation policies themselves can sometimes cause further 482 
vulnerabilities (Bose 2015). Second, other stressors affect the vulnerability of especially those 483 
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communities and groups of population that are already experiencing high levels of vulnerability. 484 
These communities might become even more vulnerable in the future when the impacts of climate 485 
change become more evident. In order to decrease vulnerability, the context of ‘multiple stressors’ 486 
should be taken into account; and the vulnerability to different stressors should be reduced (Eriksen 487 
et al. 2011; McCubbin et al. 2015).  488 
 489 
3.7  Analysis of interactions 490 
 491 
O'Brien et al. (2009) highlight that ‘multiple stressors’ literature should analyze interactions 492 
between different stressors. Interactions were mentioned or acknowledged in 95 (76% of the 493 
studies) of the reviewed studies. However, only 35 (28%) of the studies included explicit analysis of 494 
the interactions as also found by Tucker et al. (2014).  495 
 496 
If there is no clear analysis how the different stressors interact and intertwine, the relative 497 
importance of different stressors is difficult to assess. For instance, climate change is often a part of 498 
the cause for the most proximate and more evident stressors (see e.g. McCubbin et al. (2015)). This 499 
was stressed not only in the studies where importance was assessed using researchers’ judgments 500 
but also by interviewees (Mubaya et al. 2012; Petheram et al. 2010). 501 
 502 
The interconnections between different stressors and different scales also complicate the division 503 
between social and biophysical factors, as well as between local and global processes. For instance, 504 
Reenberg et al. (2012) report that in the Sahel area, drought (non-local biophysical stressor) forced 505 
young men to migrate periodically to find pastures elsewhere. This resulted in lack of labor (local 506 
social stressor) and bottlenecks in agricultural production in the next growing season.  507 
 508 
Therefore, it is more important to analyze the interactions and cause-response relationships between 509 
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different stressors than to divide them to different groups. Interacting stressors and associated 510 
processes are also dynamic: they change over time and context and across scales. Some authors 511 
(Belliveau et al. 2006; Westerhoff and Smit 2009) have thus used the concept of ‘dynamic 512 
vulnerability’ to emphasize the changing environment and interacting stressors. In future studies, we 513 
recommend together with other scholars (Bennett et al. 2015a; Bennett et al. 2015b; Tucker et al. 514 
2014) a clear analysis or at least brief exploration of interactions. The analysis of interactions also 515 
helps in distinguishing stressors that act at different scales. 516 
 517 
3.8  Different scientific traditions 518 
 519 
Multiple stressors have been studied in many scientific traditions such as climate research and 520 
hazard research. It has been argued that multiple stressors have been examined for decades in the 521 
latter tradition (see Introduction Section). In our sample, only one (Smit et al. 1996) of the papers 522 
was published before the 2000s. This suggests that studies of ‘multiple stressors’ is a relatively new 523 
research interest. However, previous studies might have used other terms than the ones we used in 524 
our literature searches. Thus, it is possible that we might have missed some studies that did not 525 
focus on climate change specifically but belonged to other scientific traditions such as hazards 526 
research. 527 
 528 
In most of the reviewed articles, early studies of ‘multiple stressors’ analysis were not cited 529 
exhaustively, though many of the studies such as Lopez-Marrero and Yarnal (2010), Prno et al. 530 
(2011) and O'Brien et al. (2009) refer to the earlier traditions such as literature on hazards (Wisner 531 
et al. 2004) or social vulnerability (Cutter et al. (2003). In general, it was argued that the earlier 532 
papers were merely theoretical, whereas the newer literature either represents empirical case studies 533 
or analyzes interactions between different stressors. There are also authors such as Smit et al. 534 
(1996) and Smit and Skinner (2002), who acknowledge that there have been studies within other 535 
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fields such as agricultural systems analysis where multiple factors have been considered but in 536 
many of these studies ceteris paribus assumptions have been made. The lack of citation to earlier 537 
traditions illustrates perhaps a discontinuity within research traditions and presents a risk of 538 
reinventing the wheel, conceptually and methodologically. Nevertheless, a recent bibliometric 539 
analysis found some evidence of convergence between different traditions (Giupponi and Biscaro 540 
2015). 541 
 542 
4 Conclusions 543 
 544 
We systematically reviewed climate change literature in which ‘multiple stressors’ or ‘non-climatic 545 
factors’ have been accounted for. We chose articles for the review with the help of SCOPUS and 546 
Web of Knowledge searches with different keywords. Our searches left out some articles which 547 
consider ‘multiple stressors’ (Adelekan and Fregene 2015; Amoako Johnson and Hutton 2014; 548 
McDowell et al. 2016) but our systematic sample consisted of 125 articles. We have contributed to 549 
the conceptual clarity of an emerging new field of research on vulnerability that endorses various 550 
processes interacting with climate change. Based on our results, following three major conclusions 551 
can be drawn. 552 
 553 
First, the analysis of ‘multiple stressors’ is a relatively new field with literature expanding 554 
especially since 2010. Although the analysis of ‘multiple stressors’ builds on earlier literature about 555 
hazards, it has made the understanding more profound by using empirical case studies and in some 556 
cases by analyzing interactions between different stressors. We recommend that in further studies 557 
interactions should be better analyzed to clearly demonstrate which stressors should be targeted 558 
simultaneously.  559 
 560 
Second, the literature about ‘multiple stressors’ is heterogeneous. Whilst some of the found 561 
differences in part relate to differences in interpretations that are rooted in different discourses, 562 
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many of the studies are not explicit about the interpretations and conceptualizations they use (see 563 
Section The use of different concepts). More conceptual clarity would enable some integration of 564 
approaches and also help in bridging the approaches that may fundamentally differ but still 565 
complement each other. We recommend usage of analytical frameworks or models which specify 566 
differences, interactions and relationships between different drivers, processes and stressors. 567 
 568 
Third, it was often stressed that climate change is not the most evident stressor. This was 569 
emphasized 59% of the studies where results were obtained using interviews or surveys. This is 570 
logical since climate change is only one of the stressors affecting people’s everyday lives and it is 571 
not always prioritized in policy implementation. The importance of different stressors is difficult to 572 
measure or rank due to interactions between different stressors and changes in time, context and 573 
across scales; therefore, we recommend use of mixed methods and triangulation of different data  574 
sources in the data analysis to sort out the most important stressors. 575 
 576 
The reviewed literature emphasizes that there are multiple interacting stressors that should be 577 
analyzed together and these stressors should be targeted by policies, which integrate adaptation to 578 
climate change and other stressors. Risks related to climate change are not caused by climate 579 
change alone but by various intertwining biophysical and social drivers and stressors, which have 580 
effects on hazards, exposure and vulnerability. Finally, the way vulnerability is conceptualized and 581 
approached in research has also relevant policy implications. The different definitions of problems 582 
and their consequences outline and justify different kind of policy responses and lead to different 583 
kind of operationalization of vulnerability assessments in the adaptation policies. The framings of 584 
vulnerability thus have very material effects on the well-being of vulnerable and disadvantaged 585 







The research was funded by Helsinki University Centre for Environment (HENVI). A draft of this 591 
manuscript was presented in the Environmental Science and Policy Graduate Seminar at the 592 
Department of Environmental Science, University of Helsinki. We thank Sanna-Riikka Saarela, 593 
Alexandra Jurgilevich, Anna Salomaa, Pekka Kauppi and others for giving constructive comments. 594 
 595 
References 596 
Adelekan I, Fregene T (2015) Vulnerability of artisanal fishing communities to flood risks in coastal 597 
southwest Nigeria Climate and Development 7:322-338 doi:10.1080/17565529.2014.951011 598 
Adger WN (2006) Vulnerability Global Environmental Change-Human and Policy Dimensions 599 
16:268-281 doi:10.1016/j.gloenvcha.2006.02.006 600 
Amoako Johnson F, Hutton CW (2014) Dependence on agriculture and ecosystem services for 601 
livelihood in Northeast India and Bhutan: vulnerability to climate change in the Tropical 602 
River Basins of the Upper Brahmaputra Climatic Change 127:107-121 doi:10.1007/s10584-603 
012-0573-7 604 
Amundsen H (2012) Illusions of Resilience? An Analysis of Community Responses to Change in 605 
Northern Norway Ecology and Society 17 doi:10.5751/es-05142-170446 606 
Bassett TJ, Fogelman C (2013) Deja vu or something new? The adaptation concept in the climate 607 
change literature Geoforum 48:42-53 doi:10.1016/j.geoforum.2013.04.010 608 
Belliveau S, Smit B, Bradshaw B (2006) Multiple exposures and dynamic vulnerability: Evidence 609 
from the grape industry in the Okanagan Valley, Canada Global Environmental Change-610 
Human and Policy Dimensions 16:364-378 doi:10.1016/j.gloenvcha.2006.03-003 611 
Bennett NJ, Blythe JL, Tyler S, Ban NC (2015a) Communities and change in the anthropocene: 612 
understanding social-ecological vulnerability and planning adaptations to multiple 613 
interacting exposures Regional Environmental Change doi:DOI 10.1007/s10113-015-0839-5 614 
Bennett NJ, Dearden P, Peredo AM (2015b) Vulnerability to multiple stressors in coastal 615 
communities: a study of the Andaman coast of Thailand Climate and Development 7:124-616 
141 doi:10.1080/17565529.2014.886993 617 
Berrang-Ford L, Pearce T, Ford JD (2015) Systematic review approaches for climate change 618 
adaptation research Regional Environmental Change 15:755-769 doi:10.1007/s10113-014-619 
0708-7 620 
Berry PM, Rounsevell MDA, Harrison PA, Audsley E (2006) Assessing the vulnerability of 621 
agricultural land use and species to climate change and the role of policy in facilitating 622 
adaptation Environmental Science and Policy 9:189-204 doi:10.1016/j.envsci.2005.11.004 623 
Birkmann J (2006) Measuring vulnerability to promote disaster-resilient societies: Conceptual 624 
frameworks and definitions. In: Birkmann J (ed) Measuring Vulnerability to Natural 625 
Hazards: Towards Disaster Resilient Societies. United Nations University Press, Tokyo, 626 
Japan, pp 9-54 627 
Bose PS (2015) Vulnerabilities and displacements: Adaptation and mitigation to climate change as a 628 
new development mantra Area doi:10.1111/area.12178 629 
Bunce M, Rosendo S, Brown K (2010) Perceptions of climate change, multiple stressors and 630 
livelihoods on marginal African coasts Environment, Development and Sustainability 631 
25 
 
12:407-440 doi:10.1007/s10668-009-9203-6 632 
Burkett VR, Suarez, A.G., Bindi, M., Conde, C., Mukerji, R., Prather, M.J., St. Clair, A.L. & Yohe, 633 
G.W. (2014) Point of Departure. In: Field CB, V.R. Barros, D.J. Dokken, K.J. Mach, M.D. 634 
Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. 635 
Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L. White (ed) Climate Change 636 
2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. 637 
Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental 638 
Panel on Climate Change. Cambridge University Press, Cambridge, United Kingdom and 639 
New York, NY, USA, pp 169-194 640 
Chandra A, Gaganis P (2015) Deconstructing vulnerability and adaptation in a coastal river basin 641 
ecosystem: a participatory analysis of flood risk in Nadi, Fiji Islands Climate and 642 
Development doi:10.1080/17565529.2015.1016884 643 
Connolly-Boutin L, Smit B (2015) Climate change, food security, and livelihoods in sub-Saharan 644 
Africa Regional Environmental Change doi:10.1007/s10113-015-0761-x 645 
Coulibaly JY, Gbetibouo GA, Kundhlande G, Sileshi GW, Beedy TL (2015) Responding to Crop 646 
Failure: Understanding Farmers' Coping Strategies in Southern Malawi Sustainability 647 
7:1620-1636 doi:10.3390/su7021620 648 
Cutter SL, Boruff BJ, Shirley WL (2003) Social vulnerability to environmental hazards Social 649 
Science Quarterly 84:242-261 doi:10.1111/1540-6237.8402002 650 
Delaney A, Chesterman S, Crane TA, Tamás PA, Ericksen P (2014) A systematic review of local 651 
vulnerability to climate change: in search of transparency, coherence and comparability vol 652 
97. CGIAR Research Program on Climate Change, Agriculture and Food Security 653 
(CCAFS),  654 
Dessai S, Hulme M (2004) Does climate adaptation policy need probabilities? Climate Policy 655 
4:107-128 doi:10.1080/14693062.2004.9685515 656 
Eakin H, Luers AL (2006) Assessing the vulnerability of social-environmental systems vol 31. 657 
doi:10.1146/annurev.energy.30.050504.144352 658 
Eriksen S et al. (2011) When not every response to climate change is a good one: Identifying 659 
principles for sustainable adaptation Climate and Development 3:7-20 660 
doi:10.3763/cdev.2010.0060 661 
Fazey I, Pettorelli N, Kenter J, Wagatora D, Schuett D (2011) Maladaptive trajectories of change in 662 
Makira, Solomon Islands Global Environmental Change-Human and Policy Dimensions 663 
21:1275-1289 doi:10.1016/j.gloenvcha.2011.07.006 664 
Füssel H-M (2007) Vulnerability: A generally applicable conceptual framework for climate change 665 
research Global Environmental Change-Human and Policy Dimensions 17:155-167 666 
doi:10.1016/j.gloenvcha.2006.05.002 667 
Füssel H-M, Klein RJT (2006) Climate change vulnerability assessments: An evolution of 668 
conceptual thinking Climatic Change 75:301-329 doi:10.1007/s10584-006-0329-3 669 
Gallopín GC (2006) Linkages between vulnerability, resilience, and adaptive capacity Global 670 
Environmental Change 16:293-303 doi:10.1016/j.gloenvcha.2006.02.004 671 
Giupponi C, Biscaro C (2015) Vulnerabilities - Bibliometric analysis and literature review of 672 
evolving concepts Environmental Research Letters 10 doi:10.1088/1748-9326/10/12/123002 673 
Hageback J, Sundberg J, Ostwald M, Chen D, Yun X, Knutsson P (2005) Climate variability and 674 
land-use change in Danangou watershed, China - Examples of small-scale farmers' 675 
adaptation Climatic Change 72:189-212 doi:10.1007/s10584-005-5384-7 676 
Hashimoto M, Styrikovick M, Nishioka S, al. e (1990) Chapter 5. Human settlement; the energy, 677 
transport and industrial sectors; human health; air quality; and changes in ultraviolet-B 678 
radiation. In: Tegart W. J. McG. SGWaDCG (ed) Climate Change: The IPCC Impacts 679 
Assessment. Australian Government Publishing Service, Canberra,  680 
Hinkel J (2011) "Indicators of vulnerability and adaptive capacity": Towards a clarification of the 681 
science-policy interface Global Environmental Change-Human and Policy Dimensions 682 
21:198-208 doi:10.1016/j.gloenvcha.2010.08.002 683 
26 
 
Hjerpe M, Glaas E (2012) Evolving local climate adaptation strategies: incorporating influences of 684 
socio-economic stress Mitigation and Adaptation Strategies for Global Change 17:471-486 685 
doi:10.1007/s11027-011-9337-3 686 
Hopkins D (2015) Applying a Comprehensive Contextual Climate Change Vulnerability 687 
Framework to New Zealand's Tourism Industry Ambio 44:110-120 doi:10.1007/s13280-014-688 
0525-8 689 
IPCC (2007) Summary for Policymakers. In: M.L. Parry OFC, J.P. Palutikof, P.J. van der Linden 690 
and C.E. Hanson (ed) Climate Change 2007: Impacts, Adaptation and Vulnerability. 691 
Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental 692 
Panel on Climate Change. Cambridge University Press, Cambridge, UK, pp 7-22 693 
IPCC (2014) Summary for policymakers. In: Field CB, V.R. Barros, D.J. Dokken, K.J. Mach, M.D. 694 
Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. 695 
Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L. White (ed) Climate Change 696 
2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. 697 
Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental 698 
Panel on Climate Change. Cambridge University Press, Cambridge, United Kingdom and 699 
New York, NY, USA, pp 1-32 700 
Kelly PM, Adger WN (2000) Theory and practice in assessing vulnerability to climate change and 701 
facilitating adaptation Climatic Change 47:325-352 doi:10.1023/a:1005627828199 702 
Kelman I, Gaillard JC, Mercer J (2015) Climate Change's Role in Disaster Risk Reduction's Future: 703 
Beyond Vulnerability and Resilience International Journal of Disaster Risk Science 6:21-27 704 
doi:10.1007/s13753-015-0038-5 705 
Landauer M, Juhola S, Söderholm M (2015) Inter-relationships between adaptation and mitigation: 706 
a systematic literature review Climatic Change doi:10.1007/s10584-015-1395-1 707 
Laube W, Schraven B, Awo M (2012) Smallholder adaptation to climate change: dynamics and 708 
limits in Northern Ghana Climatic Change 111:753-774 doi:10.1007/s10584-011-0199-1 709 
Leichenko R, O'Brien K (2008) Environmental Change and Globalization: Double Exposures. 710 
Environmental Change and Globalization: Double Exposures. 711 
doi:10.1093/acprof:oso/9780195177329.001.0001 712 
Leichenko R, O'Brien K, Solecki W (2010) Climate Change and the Global Financial Crisis: A Case 713 
of Double Exposure Annals of the Association of American Geographers 100:963-972 714 
doi:10.1080/00045608.2010.497340 715 
Lereboullet A-L, Beltrando G, Bardsley DK, Rouvellac E (2014) The viticultural system and 716 
climate change: coping with long-term trends in temperature and rainfall in Roussillon, 717 
France Regional Environmental Change 14:1951-1966 doi:10.1007/s10113-013-0446-2 718 
Lopez-Marrero T, Yarnal B (2010) Putting adaptive capacity into the context of people's lives: a 719 
case study of two flood-prone communities in Puerto Rico Natural Hazards 52:277-297 720 
doi:10.1007/s11069-009-9370-7 721 
Lorenz S, Berman R, Dixon J, Lebel S (2014) Time for a systematic review: A response to Bassett 722 
and Fogelman's "Déjà vu or something new? The adaptation concept in the climate change 723 
literature" Geoforum 51:252-255 doi:10.1016/j.geoforum.2013.10.003 724 
Malone EL, Engle NL (2011) Evaluating regional vulnerability to climate change: purposes and 725 
methods Wiley Interdisciplinary Reviews-Climate Change 2:462-474 doi:10.1002/wcc.116 726 
McCarthy JJ, Canziani OF, Leary NA, Dokken DJ, White KS (eds) (2001) Climate Change 2001: 727 
Impacts, Adaptation, and Vulnerability. Contribution of Working Group II to the Third 728 
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge 729 
University Press, Cambridge, UK 730 
McCubbin S, Smit B, Pearce T (2015) Where does climate fit? Vulnerability to climate change in 731 
the context of multiple stressors in Funafuti, Tuvalu Global Environmental Change-Human 732 
and Policy Dimensions 30:43-55 doi:10.1016/j.gloenvcha.2014.10.007 733 
McDowell G, Ford J, Jones J (2016) Community-level climate change vulnerability research: 734 




McDowell JZ, Hess JJ (2012) Accessing adaptation: Multiple stressors on livelihoods in the 737 
Bolivian highlands under a changing climate Global Environmental Change-Human and 738 
Policy Dimensions 22:342-352 doi:10.1016/j.gloenvcha.2011.11.002 739 
McKune SL, Silva JA (2013) Pastoralists under Pressure: Double Exposure to Economic and 740 
Environmental Change in Niger Journal of Development Studies 49:1711-1727 741 
doi:10.1080/00220388.2013.822067 742 
McLaughlin P, Dietz T (2008) Structure, agency and environment: Toward an integrated perspective 743 
on vulnerability Global Environmental Change 18:99-111 744 
doi:10.1016/j.gloenvcha.2007.05.003 745 
McNeeley SM, Shulski MD (2011) Anatomy of a closing window: Vulnerability to changing 746 
seasonality in Interior Alaska Global Environmental Change-Human and Policy Dimensions 747 
21:464-473 doi:10.1016/j.gloenvcha.2011.02.003 748 
Mechler R, Bouwer LM, Linnerooth-Bayer J, Hochrainer-Stigler S, Aerts JCJH, Surminski S, 749 
Williges K (2014) Managing unnatural disaster risk from climate extremes Nature Climate 750 
Change 4:235-237 doi:10.1038/nclimate2137 751 
Mubaya CP, Njuki J, Mutsvangwa EP, Mugabe FT, Nanjad D (2012) Climate variability and change 752 
or multiple stressors? Farmer perceptions regarding threats to livelihoods in Zimbabwe and 753 
Zambia Journal of Environmental Management 102:9-17 754 
doi:10.1016/j.jenvman.2012.02.005 755 
Næss LO, Bang G, Eriksen S, Vevatne J (2005) Institutional adaptation to climate change: Flood 756 
responses at the municipal level in Norway Global Environmental Change 15:125-138 757 
doi:10.1016/j.gloenvcha.2004.10.003 758 
Nyantakyi-Frimpong H, Bezner-Kerr R (2015) The relative importance of climate change in the 759 
context of multiple stressors in semi-arid Ghana Global Environmental Change 32:40-56 760 
doi:10.1016/j.gloenvcha.2015.03.003 761 
O'Brien K, Eriksen S, Nygaard LP, Schjolden A (2007) Why different interpretations of 762 
vulnerability matter in climate change discourses Climate Policy 7:73-88 763 
doi:10.1080/14693062.2007.9685639 764 
O'Brien K, Leichenko R (2000) Double exposure: assessing the impacts of climate change within 765 
the context of economic globalization Global Environmental Change-Human and Policy 766 
Dimensions 10:221-232 doi:10.1016/s0959-3780(00)00021-2 767 
O'Brien K et al. (2004) Mapping vulnerability to multiple stressors: climate change and 768 
globalization in India Global Environmental Change-Human and Policy Dimensions 769 
14:303-313 doi:10.1016/j.gloenvcha.2004.01.001 770 
O'Brien K, Quinlan T, Ziervogel G (2009) Vulnerability interventions in the context of multiple 771 
stressors: lessons from the Southern Africa Vulnerability Initiative (SAVI) Environmental 772 
Science & Policy 12:23-32 doi:10.1016/j.envsci.2008.10.008 773 
Petheram L, Zander KK, Campbell BM, High C, Stacey N (2010) 'Strange changes': Indigenous 774 
perspectives of climate change and adaptation in NE Arnhem Land (Australia) Global 775 
Environmental Change-Human and Policy Dimensions 20:681-692 776 
doi:10.1016/j.gloenvcha.2010.05.002 777 
Pricope NG, Husak G, Lopez-Carr D, Funk C, Michaelsen J (2013) The climate-population nexus 778 
in the East African Horn: Emerging degradation trends in rangeland and pastoral livelihood 779 
zones Global Environmental Change-Human and Policy Dimensions 23:1525-1541 780 
doi:10.1016/j.gloenvcha.2013.10.002 781 
Prno J, Bradshaw B, Wandel J, Pearce T, Smit B, Tozer L (2011) Community vulnerability to 782 
climate change in the context of other exposure-sensitivities in Kugluktuk, Nunavut Polar 783 
Research 30 doi:10.3402/polar.v30i0.7363 784 
Reenberg A, Rasmussen LV, Nielsen JO (2012) Causal relations and land use transformation in the 785 
Sahel: conceptual lenses for processes, temporal totality and inertia Geografisk Tidsskrift-786 
Danish Journal of Geography 112:159-173 doi:10.1080/00167223.2012.741888 787 
28 
 
Ribot J (2014) Cause and response: vulnerability and climate in the Anthropocene Journal of 788 
Peasant Studies 41:667-705 doi:10.1080/03066150.2014.894911 789 
Shackleton SE, Shackleton CM (2012) Linking poverty, HIV/AIDS and climate change to human 790 
and ecosystem vulnerability in southern Africa: consequences for livelihoods and 791 
sustainable ecosystem management International Journal of Sustainable Development and 792 
World Ecology 19:275-286 doi:10.1080/13504509.2011.641039 793 
Smit B, McNabb D, Smithers J (1996) Agricultural adaptation to climatic variation Climatic 794 
Change 33:7-29 doi:10.1007/bf00140511 795 
Smit B, Skinner MW (2002) Adaptation options in agriculture to climate change: A typology 796 
Mitigation and Adaptation Strategies for Global Change 7:85-114 797 
doi:10.1023/a:1015862228270 798 
Suckall N, Tompkins E, Stringer L (2014) Identifying trade-offs between adaptation, mitigation and 799 
development in community responses to climate and socio-economic stresses: Evidence 800 
from Zanzibar, Tanzania Applied Geography 46:111-121 doi:10.1016/j.apgeog.2013.11.005 801 
Tschakert P (2007) Views from the vulnerable: Understanding climatic and other stressors in the 802 
Sahel Global Environmental Change-Human and Policy Dimensions 17:381-396 803 
doi:10.1016/j.gloenvcha.2006.11.008 804 
Tucker J, Daoud M, Oates N, Few R, Conway D, Mtisi S, Matheson S (2014) Social vulnerability in 805 
three high-poverty climate change hot spots: What does the climate change literature tell us? 806 
Regional Environmental Change doi:10.1007/s10113-014-0741-6 807 
Turner BL et al. (2003) A framework for vulnerability analysis in sustainability science Proceedings 808 
of the National Academy of Sciences of the United States of America 100:8074-8079 809 
doi:10.1073/pnas.1231335100 810 
Wang B, Pan SY, Ke RY, Wang K, Wei YM (2014) An overview of climate change vulnerability: A 811 
bibliometric analysis based on Web of Science database Natural Hazards 74:1649-1666 812 
doi:10.1007/s11069-014-1260-y 813 
Westerhoff L, Smit B (2009) The rains are disappointing us: dynamic vulnerability and adaptation 814 
to multiple stressors in the Afram Plains, Ghana Mitigation and Adaptation Strategies for 815 
Global Change 14:317-337 doi:10.1007/s11027-008-9166-1 816 
Wisner B, Blaikie P, Cannon T, Davis I (2004) At Risk Second edition: Natural hazards, people's 817 
vulnerability and disasters. Routledge, London, UK 818 
Wolf S, Hinkel J, Hallier M, Bisaro A, Lincke D, Ionescu C, Klein RJT (2013) Clarifying 819 
vulnerability definitions and assessments using formalisation International Journal of 820 
Climate Change Strategies and Management 5:54-70 doi:10.1108/17568691311299363 821 
Zou L-L, Wei Y-M (2010) Driving factors for social vulnerability to coastal hazards in Southeast 822 







Figure 1. The amount of articles that were selected for the review, published each year. The 
publishing years of IPCC Working Group 2 Assessment Reports (AR) are marked with transparent 
gray. Because the literature search was performed on June 4th 2015, the amount of articles 
published in 2015 is not comparable to other years. 
 
 
  828 
30 
 
Table 1. Different concepts, the percentage of articles in which these concepts were used, and how 
many times these concepts were overall used in the reviewed articles. Concepts were sought from 
full-texts including references. All concepts were sought both in singular and in plural form. The 
overall number of words might not be exact due to problems in character recognition, but their 
order of magnitude is correct. 
Concept % of articles Overall 
Vulnerability 98 % 4487 
Risk 97 % 2561 
Factor 97 % 1278 
Exposure 83 % 1126 
Stress 73 % 1011 
Stressor 70 % 1185 
Pressure 69 % 342 
Hazard 65 % 756 
Driver 63 % 502 
Sensitivity 58 % 520 
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Table 2. Different concepts and the percentage of articles in which these concepts were used. 831 
Concepts were sought from full-text articles excluding references. All concepts were sought both in 832 
singular and in plural form. 833 
Concept % of articles 
non-climat* 40 % 
multiple stressor 38 % 
other factor 37 % 
double exposure 27 % 
other stressor 27 % 
multiple exposure 12 % 
multiple stress 12 % 
other stress 11 % 
multiple factor 10 % 
other risk 10 % 
other driver 6 % 
multiple risk 6 % 
multiple driver 5 % 
multiple pressure 3 % 
other pressure 0 % 
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Table 3. Ranking of the most important stressor based on different analysis method. For each 
analysis method, and overall, the amount and proportion of articles are given. 
    Most important stressor 
Analysis method Number of articles Climate Not climate 
Interviews, participatory approaches, 
surveys 37 (46%) 15 (41%) 22 (59%) 
Researchers' judgment 23 (28%) 13 (57%) 10 (43%) 
Focusing on some stressors 6 (7%) 5 (83%) 1 (17%) 
Modelling 1 (1%) 1 (100%) 0 (0%) 
Combination of two or three approaches 14 (17%) 4 (29%) 10 (71%) 
Overall 81 (100%) 38 (47%) 43 (53%) 
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